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Abstract 
When Genetic Algorithms (GA) are used to solve layout problems, the solution quality may be influenced by the population size, 
number of generations, the rate of crossover, the rate of mutation, and the length of the block to be exchanged between parents to 
generate offspring’s.These parameters have been used with different values under given environments. Usually, the user selects 
the values of these parameters with no guidelines as what values might work better. Therefore, the sensitivity analysis approach 
has to be followed to establish the guidelines for fixing the values of the parameters and to study any possible effect of these 
parameters and their interaction on the quality of the solution. Hence, the values of the GA parameters that produce quality 
solutions have to be identified. This study is particularly important when real-world problems are to be solved, where the 
knowledge about their optimal solutions does not exist. Therefore, a guideline to select the GA parameters has to be 
established.The genetic algorithm model, the most suitable way of coding the solutions into the organisms and the selected 
evolutionary and genetic operators are presented. In this connection the most favorable parameters for GA are found out by 
sensitivity analysis for a machine layout problem. 
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1. Introduction 
 
The optimum arrangement of devices and machines in the flexible manufacturing system is one of the basic 
requirements in designing of the flexible manufacturing system, since good solutions in the design of such a system 
are a basis for its efficient operation and for low operating costs. Hassan (1994) indicates that machine layout affects 
the material handling cost and time, throughput and productivity of the facility and some factors, namely material  
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handling system used, available space, the similarity of the sequences of operations of the parts, the capability of 
meeting system’s requirements. Minimization of the total material handling costs is the most frequently considered 
objective in facility layout problems. Balic (2001) observed that FMSs are designed to optimize production flow 
from the first stage as raw material to the finished product. It is reported by Tompkins et al. (1996) that by good 
arrangement of machines it is possible to reduce the manufacturing costs up to 10–30%. Some other authors report 
even higher percentage of material handling based costs. For example Chiang and Kouvelis (1996), report that 30–
70% of total manufacturing costs may be attributed to the layout and material handling. Therefore, in the early stage 
of designing a machine layout itself, it is necessary to have an idea of the layout of the machines. According to H.J. 
Holland (1975), Genetic Algorithms (GAs) are adaptive heuristic search algorithms premised on the evolutionary 
ideas of natural selection and genetics. The basic concept of GAs is designed to simulate processes in natural system 
necessary for evolution, specifically those that follow the principles first laid down by Charles Darwin “Survival of 
the Fittest”. As such they represent an intelligent exploitation of a random search within a defined search space to 
solve a problem. They make extensive use of artificial intelligence. Genetic Algorithms have been widely studied, 
experimented and applied in many fields in the engineering world. Not only does GA provide an alternative method 
to solving problem, it consistently outperforms other traditional methods in most of the problems. The crossover 
operator is the most important operator in genetic algorithms. It is the "mating" operator that allows production of 
new strings through partial information exchange between pairs of strings. The exchange is done by swapping a 
number of genes between a pair of selected strings at a randomly selected position. Another genetic operator is 
mutation. Mutation is a process that reverses the structure of a chromosome (string) and hence produces albinos. 
Albinos are individuals with complete different chromosome properties from the majority in a population. Mutation 
serves as an insurance policy to prevent solutions from being trapped in local optima. Mutation is considered as a 
secondary mechanism in the operation of genetic algorithms. 
 
2. The Machine Layout Design 
 
As indicated by Fickoetal.(2004)the most suitable form of arrangement of the machines in the machine layout is 
in a single or in multiple rows. Prior to solving the problem the following assumptions are made 
x All machines are of rectangular shape 
x All machines are operated in the centre of that space 
x The available surface for Machine layout is rectangular in shape 
x The available surface for Machine layout is limited along width 
The determination of the layout and its evaluation is left to GA. Thus, in the first step, the sequence of the 
machines is created by random numbers, whereas in the second step the actual layout with all dimensions is created 
with respect to the sequence and rules. Forming of the FMS with GA is divided into these main steps  
x Obtaining information needed for designing the Machine layout 
x Calculation of coordinates of machines 
x Determination of distances between individual machines 
x Calculation of value of cost function 
x Determination of layout by GA (determination of sequence of machines and number of rows) 
For such manner of solving the problem it is necessary to know the dimensions of machines and the minimum 
allowable distances between all the pairs of machines. Further, it is necessary to know the transport quantities 
between the individual machines during a certain time period. Also the variable transport costs depending on the 
transport means used must be known. We also need to know the width of transport (w),the greatest length of the row 
(a) and the width of the row (r) as shown in fig 4. 
 
 
3. Mathematical Model 
 
3.1   single row 
 
The single row machine layout problem can be formulated as follows 
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Fig.1 Illustration of parameters and decision variables for single row 
Where n is the number of machines 
 Lijis the length of path between machines i and j 
 fijis the frequency of trips between machines i and j 
 Cij is the  transport cost  per  unit  distance  travelled  between machines i and j 
 liis the length of the machine i 
 dijis the distance between machines i and j     
 xi is the distance between the center of machine i and the vertical reference line lv  as shown in Fig.1. 
 
3.2   Multiple rows  
 
Most  of  the  traditional  methods  for  solving the  machine layout problem  assign machines  to the  location  of  
pre specified sites. This is discrete optimization approach. As reported byGen and  Cheng(1997),the  machines  are  
arranged along well-defined rows because in  mostof the cases the separation between rows can be predetermined 
according to the type of the material handling system used, i.e this problem canbeviewed as discrete in one 
dimension and continuous in another dimension. 
Objective function ݊ σ σ ܥ௜௝ ௜݂௝ܮ௜௝௡௝ୀ௜ାଵ௡ିଵ௜ୀଵ (2) 
 
s.t  หݔ௜ െ ݔ௝หܼ௜௞ ௝ܼ௞ ൒ ൫௟೔ା௟ೕ൯ଶ ൅ ݀௜௝(3) 
 
Lh 
Fig. 2 Illustration of parameters and decision variables for multi- row 
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σ ୧୩୬୧ୀଵ ൏ ݊݇ ൌ ͳ(6) 
 
xi, yi>=0                         i=1  to n      (7) 
 
Zik = 0,1i=1   to n and k=1 to m                                                                                 (8)        
 
 
Where n  is the number of machines 
 m is the number of rows 
 w is the separation between two adjacent rows 
 dij is the distance between machines i and j                                                                           
 fij  is the frequency of trips between machines i and j 
  cijis  the  transport cost  per  unit  distance  travelled   between  machines i and j 
 li  is the length of the machine i 
xi is the distance between the center of machine i and the vertical reference line lv 
yi is the distance between the center of machine i and the horizontal  reference lineLh 
 
3.3 Determination oflength of paths 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Representation of arrangementFig. 4 .Determination of length of paths 
 
The coordinates of the points of operating the machines are determined. When calculating coordinates the 
dimensions of the machines as shown in Table 1, the allowable distances between the adjacent machines (dij) and the 
widths of the transport paths (w) are considered. Also the row width (r) equal to the width of the widest machine in 
that row is determined. Coordinates of the operating points are determined as shown in Fig. 3.xiis the x coordinate of 
the machine i, and  yiis the y coordinate of the  machine i. Based on the values of the coordinates the matrix of 
lengths of transport paths between the individual machines Lij, can be determined. As reported byFickoetal.(2004)If 
several paths between machines i and j are possible the shortest one is selected as shown in Fig. 4. 
When the machines i and j are located in the same row the path length is determined according to the formula: 
Lij= |xj− xi|                                                                   (9) 
When the machines i and j are located in different rows the path length is determined by using the two formulas 
given below: 
1Lij= xi + xj+ w + |yj− yi|                                                                     (10) 
and2 Lij=  (a − xi) + (a − xj) + w + |yj− yi|                                           (11) 
w 
r 
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From among the two lengths of paths the minimum path length Lijis selected: 
Lij= min(1Lij, 2Lij)                                        (12) 
 
After calculating the shortest path between all pairs of machines, the matrix Lijis obtained. The value of the 
fitness function for all organisms in the population can be calculated according eq. (1). The costs of transport 
between two machines can be determined if their mutual distance Lijis known. During execution of the GA, the 
values fijand cijdo not change, the value Lijchanges with respect to the mutual position of machines and with respect 
to position in the arrangement. To determine Lij, the dimensions of the machines, the minimum available distances 
between the machines, the widths of the transport paths, and length of rows and coordinates of the points of 
operating machines have to be known. Fitness function thus depends on the distances Lijbetween the machines. The 
distance between serving points is multiplied by coefficients fijand cijwhich measure the flow and the handling cost 
between machines. The value of the cost function is thus the sum of all values obtained for all the pairs of machines. 
The aim of the optimization process is to minimise this value. Fitness is based on the principle that the cost of 
moving goes up with the distance. 
 
4. Genetic Algorithm 
 
GAs are a new approach to solving complex problems such as determination of machine layout, they can be 
defined as meta-heuristic based systems. GAs became known through the work of John Holland in the 1960s. The 
GAs contain the elements of the methods of blind search for the solution and of directed and stochastic search and 
thus compromise between the utilization and search for solution. At the beginning, they search in the entire search 
space and afterwards, by means of crossover, they search only in the surrounding of the promising solutions.  
According to Holland (1975) GAs employed random, yet directed search for locating the globally optimal 
solution.GAs employ the vocabulary taken from the world of genetics itself, and as a result solutions refer to 
organisms (genotypes) of a population. Each organism represents the code of a potential solution to a problem and 
the changeover of this code to a real variable is called phenotype. An important characteristic of it is that GAs work 
by maintaining a population of potential solutions, whereas the other search methods process a single point of the 
search space. The typical steps required to implement GAs are encoding of feasible solutions into organisms using a 
representation method, evaluation of fitness function, selection strategy, setting of GAs parameters and criteria to 
terminate the process. Because of their properties, the GA were used for searching for the optimal (or near optimal) 
design of the FMS. 
 
4.1   Representation of organisms 
 
Each organism represents one of the possible solutions of the problem of arranging and each gene represents one 
machine. The most natural coding called Permutation representation as shown in Fig. 5 is used for such types of 
problems.The sequence of genes in organism is equal to the sequence of working machines of the FMS. If we have, 
for example, six working devices arranged in a row, the genotype of the organism (the sequence) can be equal to 
 
 
 
 
[M5 M2 M6 M3 M4 M1]=[5,2,6,3,4,and 1] 
Fig 5.Coding of organism 
Where the gene mirepresents the machine i and its position in the organism represents the position in the row. 
However, such gene would represent the arrangement in one row only. 
 Based on the parameter of length of row the arrangement into rows is determined. The number of machines in 
one row is limited to the maximum length of row a. When the length of the row is greater than a, the next machine 
is placed into a new row. The procedure repeats, until all machines have been arranged into rows. Arrangement into 
rows is shown in Fig. 6. 
 
M6 M2          M3 M4 M5 M1 
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Fig. 6 Determination of layout according to maximal length of row. 
 
4.2 Selection 
 
The method of selection for reproduction used was roulette–wheel selection. This method selects the 
chromosome in the population for reproduction. The more fit the chromosome, the higher its probability of being 
selected for reproduction. Thus, selection is based on the survival-of-the-fittest strategy, but the key idea is to select 
better individuals of the population, as in tournament selection, where the participants compete with each other to 
remain in the population. The most commonly used strategy to select pairs of individuals is the method of roulette-
wheel selection, in which every string is assigned a slot in a simulated wheel sized in proportion to the string’s 
relative fitness. This ensures that highly fit strings have a greater probability to be selected to form the next 
generation through crossover and mutation. 
 
4.3 Genetic operations 
Many genetic operators for crossover exist for the type of coding implemented in this research. In case of 
crossover, selection two organisms are selected which are then crossed over to obtain one offspring as shown in Fig. 
7. 
For crossover, the partial mapped crossover (PMX) was selected. PMX was proposed by Goldberg and 
Lingle(1985). PMX can be viewed as an extension of two-point crossover. In addition Fogarty (1989) used a special 
repairing procedure to resolve the illegitimacy caused by simple two-point crossover. Crossover used is represented 
in Fig. 7. This type of crossover has been widely used in the fields of combinatory problems. The cross over is 
followed with mutation operation. Reciprocal mutation was selected as the mutation operator. Two randomly 
selected in the original organism exchange their places. Therefore, the offspring organism represents the feasible 
solution. Mutation used is represented in Fig.8. 
4.4.Evaluation 
The fitness of each layout is evaluated using the fitness function. The best organism represents the solution with 
highest value of fitness function. Until the evaluation no information about the solution other than the sequence of 
devices is available. For the evaluation of the individual organisms, the arrangement into rows is determined.  
 
Partially Mapped Crossover 
i. Substring is selected at random    
                Crossover points 
                                                    PARENT1 
1 2 4 6 3 7 5 
a 
 a = maximum length of rows 
Geno type= {5,3,2,4,1,6} 
M5 
M3 M2 
M4 
 
  M1 
M6 
 
M2 
M1 
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                                                     PARENT2 
5 4 1 7 2 3 6 
 
ii. Substrings exchanged between parents 
5 4 4 6 3 3 6 
 
doubled genes 
 
iii. Sub string mapping 
 
 
 
 
 
iv. Replacement of doubled genes outside the substring according to sub-string mapping     
 
    offspring1       
4 3 1 7 2 6 5 
 
offspring 2 
5 1 4 6 3 2 7 
Fig.7. Crossover operation 
Reciprocal mutation 
 
Two positions selected at random and genes swapped on these positions  
 
i. Select two positions randomly 
 
 
1 2 4 6 3 7 5 
 
ii. Genes on these positions swapped 
 
1 7 4 6 3 2 5 
Fig .8.Mutation operation 
5. Results and discussions 
 
5.1 Inputs 
 
In the present work, alayout consisting of fifteen machines is considered for analysis. The flow matrix and 
adjacency matrix are taken from the test problem given by Nugent et al, (1967). The required dimensions of the 
machines and the cost matrix are assumed since these are not given in the test problem. Table 1 gives the 
dimensions of the machines. The adjacency table if the machines are placed adjacent to one another is shown in 
Table2, cost of transportation per unit distance in Table 3 and flow between machines are shown in Table 4. 
 
4 1 6 7 3 2 
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             Table 1. Dimensions of the machines 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Table 2: Adjacency Table                               Table 3: Cost Table 
0 1 2 3 4 1 2 3 4 5 2 3 4 5 6 0 4 4 6 4 5 3 3 2 2 4 5 6 3 2 
1 0 1 2 3 2 1 2 3 4 3 2 3 4 5 4 0 7 2 3 4 3 6 8 4 3 6 5 3 2 
2 1 0 1 2 3 2 1 2 3 4 3 2 3 4 4 7 0 5 4 2 2 3 6 4 5 3 2 6 8 
3 2 1 0 1 4 3 2 1 2 5 4 3 2 3 6 2 5 0 6 8 4 5 4 7 6 4 3 4 2 
4 3 2 1 0 5 4 3 2 1 6 5 4 3 2 4 3 4 6 0 6 4 3 6 5 8 2 5 3 4 
1 2 3 4 5 0 1 2 3 4 1 2 3 4 5 5 4 2 8 6 0 2 4 7 3 2 5 4 6 5 
2 1 2 3 4 1 0 1 2 3 2 1 2 3 4 3 3 2 4 4 2 0 8 3 6 7 8 5 2 3 
3 2 1 2 3 2 1 0 1 2 3 2 2 2 3 3 6 3 5 3 4 8 0 2 8 6 4 7 7 7 
4 3 2 1 2 3 2 1 0 1 4 3 2 1 2 2 8 6 4 6 7 3 2 0 2 4 6 8 5 6 
5 4 3 2 1 4 3 2 1 0 5 4 3 2 1 2 4 4 7 5 3 6 8 2 0 5 7 3 4 4 
2 3 4 5 6 1 2 3 4 5 0 1 2 3 4 4 3 5 6 8 2 7 6 4 5 0 2 6 6 5 
3 2 3 4 5 2 1 2 3 4 1 0 1 2 3 5 6 3 4 2 5 8 4 6 7 2 0 2 5 3 
4 3 2 3 4 3 2 2 2 3 2 1 0 1 2 6 5 2 3 5 4 5 7 8 3 6 2 0 7 8 
5 4 3 2 3 4 3 2 1 2 3 2 1 0 1 3 3 6 4 3 6 2 7 5 4 6 5 7 0 7 
6 5 4 3 2 5 4 3 2 1 4 3 2 1 0 2 2 8 2 4 5 3 7 6 4 5 3 8 7 0 
Machine 
Number 
Dimensions of the  Machines 
Length (m) Breadth(m) 
1 5.0 3.0 
2 2.0 2.0 
3 2.5 2.0 
4 6.0 3.5 
5 3.0 1.5 
6 4.0 4.0 
7 2 2 
8 6 3.5 
9 3.5 3.0 
10 4.5 4 
11 2.5 2 
12 5.5 3 
13 3 2.5 
14 2 1.5 
15 4 3 
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Table4: Frequency Table 
0 
20 
20 
50 
70 
20 
10 
0 
10 
30 
0 
0 
10 
20 
20 
0 
10 
60 
140 
40 
0 
20 
20 
0 
40 
20 
0 
0 
20 
10 
0 
20 
30 
30 
50 
40 
0 
10 
0 
10 
30 
0 
40 
60 
20 
0 
50 
60 
40 
40 
30 
0 
0 
20 
0 
30 
70 
140 
30 
50 
0 
80 
70 
30 
20 
30 
10 
0 
20 
0 
20 
40 
30 
60 
80 
0 
60 
30 
30 
0 
30 
20 
40 
20 
10 
0 
50 
40 
70 
60 
0 
20 
120 
10 
0 
30 
10 
0 
0 
20 
40 
40 
30 
30 
20 
0 
10 
70 
40 
30 
0 
0 
10 
20 
0 
30 
20 
30 
120 
10 
0 
30 
100 
60 
20 
20 
30 
0 
10 
0 
30 
0 
10 
70 
30 
0 
60 
50 
30 
10 
0 
40 
0 
0 
10 
30 
0 
40 
100 
60 
0 
20 
100 
70 
0 
20 
10 
20 
0 
20 
30 
30 
60 
50 
20 
0 
20 
40 
10 
0 
30 
0 
20 
40 
10 
0 
20 
30 
100 
20 
0 
90 
0 
30 
20 
0 
30 
0 
40 
30 
10 
30 
50 
90 
10 
80 
20 
0 
0 
30 
0 
20 
0 
0 
20 
10 
70 
50 
90 
0 
 
For multi-row FMS applied to the 15 workstations problem row width r =4m and the distance between rows as 
w=4m. 
 
6. Sensitivity Analysis 
 
According to Gen (1997),the parameters of GAs depend largely on the characteristics of each particular problem.  
In spite of that, the guidelines for selection of evolutionary parameters can be defined. For the numerical example 
explained in section 5.1 for 15 machines, Genetic Algorithm (GA) is applied to find out the optimum parameters of 
mutation and crossover for the machine layout. The values of evolutionary parameters are 
x Population size P = 180 
x Number of generations G = 400 
The parameters for multi-row are:  a = 31m,   r = 4m, w = 4m. 
 
6.1 Sensitivity analysis for single row 15 machine layout    
 
Sensitivity analysis of the parameters of the GA approach is done to identify the parameters that produce quality 
solutions. This study is practically important when real-world problems are to be solved when there is no idea about 
their optimal solutions. Sensitivity analysis helps in selecting the GA parameters. This is especially true in case of 
large size problems. Sensitivity analysis is performed on single row FMS layout for different values of crossover 
probabilities (Pc = 0.6 to 0.9 in steps of 0.1) and mutation probabilities (Pm = 0.1 to 0.4 in steps of 0.1) and the 
results are shown in Table 5 
From the Table 5 it can be easily observed that for higher values of probability of crossover and probability of 
mutation the objective function values does not follow any pattern. But for Pc = 0.7 and Pm = 0.3 to 0.4, the objective 
function values are following consistent pattern. Hence, Pc = 0.7 and Pm = 0.4 are considered as the parameters for 
GA in obtaining the solution for the 15 machine single row layout problem. 
 
6.2 Sensitivity analysis for multi-row 15 machine layout    
 
Similar kind of Sensitivity analysis is performed on multi-row FMS layout for different values of crossover (Pc = 
0.6 to 0.9 in steps of 0.1) and mutation probabilities (Pm = 0.1 to 0.4 in steps of 0.1) and the results are shown in 
Table 6 
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Table 5. Effect of crossover and mutation probabilities on objective function value 
 
 
 
Table 6. Effect of crossover and mutation probabilities on objective function value 
Probability 
of crossover 
Pc 
Probability 
of mutation 
Pm 
Objective function value 
Z (Rs.) 
0.9 0.4 280878 
 0.3 274178 
 0.2 274012 
 0.1 299502 
0.8 0.4 271352 
 0.3 277912 
 0.2 284028 
 0.1 284742 
0.7 0.4 280878 
 0.3 274148 
 0.2 284028 
 0.1 279288 
0.6 0.4 280878 
 0.3 280878 
 0.2 284028 
 0.3 280878 
 
Probability 
of crossover  
Pc 
Probability 
of mutation 
Pm 
Objective 
function value 
Z (Rs.) 
0.9 0.4 247222 
 0.3 251178 
 0.2 249648 
 0.1 251178 
0.8 0.4 249218 
 0.3 247222 
 0.2 249648 
 0.1 249218 
0.7 0.4 247222 
 0.3 249648 
 0.2 251882 
 0.1 262472 
0.6 0.4 249218 
 0.3 249648 
 0.2 263278 
 0.3 249648 
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From the above Table 6 it can be easily observed that for values of crossover (0.7, 0.6 and 0.9), the objective 
function values does not follow any pattern. But for Pc = 0.8 and Pm = 0.1to 0.4, the objective function values are 
following consistent pattern. Hence, Pc = 0.8 and Pm = 0.4 are considered as the parameters for GA in obtaining the 
solution for 15 machine layout multi row problem 
 
7.   Conclusions 
 
 This section represents computational sensitivity analysis results by the GA algorithm for single and multi row to 
the tested problem. The results have been presented in Table 5 and Table 6 by GA for single row and multi-row 
machine layout. 
GA technique is applied to 15 machines single and multi-row FMS layout. The effect of the GA parameters is 
studied in order to find out the optimal parameters for GA which minimizes the total transportation cost.When GA is 
applied to the 15 machine layout, it is found that for crossover Pc = 0.7 and mutation Pm = 0.4 are considered as the 
parameters for GA for single row machine layout and Pc = 0.8 and Pm = 0.4 are considered as the parameters for GA 
in multi row machine layout. 
By means of the presented model the optimum parameters for GA for single row and multi-row layout of the 
machines can be found. 
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